To examine the repertoire of Pneumocystis carinii antigens recognized by antibody-secreting B cells from tracheobronchial lymph nodes isolated immediately following recovery from P. carinii pneumonia, monoclonal antibodies (MAbs) were produced from these cells. In contrast to previous studies of systemic immunity, P. carinii gpA was not the immunodominant antigen recognized by these B cells. Forty-nine (91%) of 54 P. carinii -specific hybridoma culture supernatants reacted with P. carinii antigens other than gpA. Many of the resulting MAbs recognized a previously uncharacterized antigen expressed on the surface of both cysts and trophozoites. Western blotting using one of the cloned MAbs revealed reactivity with a broad range of antigenic material, with the most intense reactivity in the 50-to 65-kDa region of the blot. The antigens identified by these MAbs merit further investigation regarding protective immunity to P. carinii because they were recognized by B cells in the context of recovery from P. carinii pneumonia.
Determinates of immunity to Pneumocystis carinii are poorly elicit an immune response. From these types of studies, one molecule, gpA, has emerged as an immunodominant antigen understood. Immunologically normal hosts are not known to experience overt disease as a result of exposure to P. carinii, of P. carinii [6 -8] . Animal models of PCP have suggested that immune recognition of gpA may be important in the clearbut they may develop an immune response to the organism [1, 2] . Mice immunized with whole P. carinii and subsequently ance of P. carinii [9 -11] . However, definitive proof that gpA is the critical antigen in host-parasite immune interactions is immunosuppressed by depletion of CD4 / cells are also resistant to the development of P. carinii pneumonia (PCP) if challacking. Thus, further analysis of the immune response to specific antigens of P. carinii is warranted. Especially important lenged with viable organisms [3] . The demonstration of protection against PCP during a period of immunosuppression raises would be the identification of antigens that are recognized by antibody during resolution of PCP. the possibility of immunotherapy against PCP for at-risk humans. Given that any type of whole cell vaccine would be
In an attempt to further define the protective immune response to P. carinii, we have begun to examine the repertoire unlikely, due to the inability to propagate P. carinii, it becomes important to define so-called ''protective'' antigens of P. cariof P. carinii antigens recognized by antibody-secreting B cells from tracheobronchial lymph nodes (TBLN) isolated immedinii, which could be exploited for the development of a subunit vaccine. However, neither after natural exposure nor after exately following recovery from PCP, by producing MAbs from these B cells. The rationale for this approach is our hypothesis perimental immunization is the critical P. carinii antigen (or antigens) responsible for immunity to disease known.
that antibodies produced by cells in the draining lymph nodes after lung infection might be more indicative of local protective What is known about the antibody response to P. carinii has been largely determined by characterizing the systemic immune events than antibodies produced from splenic or circulating lymphocytes after extrapulmonary injection of the P. response after infection or immunization using immunoblot analysis of serum antibodies or monoclonal antibodies (MAbs) carinii antigens. In addition, hybridomas produced from TBLN B cells would provide a source of antibody to further characterisolated after exposure to P. carinii [4, 5] . Using this strategy, several antigens have been identified (reviewed in [4, 5] ) that ize any defined P. carinii antigen of interest that was recognized by local B cells. In this report, we describe the results of producing MAbs from TBLN, compare these results to those obtained using splenic B cells, and provide an initial description of one of the P. carinii antigens recognized by TBLN B cells.
ranac Lake, NY) were infected with P. carinii by co-housing them Immunofluorescence. Binding of selected MAbs to whole P. carinii was determined by conventional indirect fluorescence for Ç1 month with CB-17 SCID mice with active PCP. These assay. For these analyses, dilute homogenates of P. carinii-inmice were then immunologically reconstituted by injecting them fected mouse lungs were placed on microscope slides, allowed with 5 1 10 7 whole spleen cells from normal congenic CB-17 to air dry, and then lightly heat-fixed. The conventional indirect mice. Between 2 and 3 weeks after reconstitution, the mice were fluorescence assay was performed as previously described using killed by CO 2 asphyxiation, and their TBLN cells were harvested.
goat anti-mouse immunoglobulin conjugated to fluorescein isoThis time point was selected because it corresponds to resolution thiocyanate, as previously described [17] . For two-color immunoof PCP in this model [13, 14] ; in addition, the local lymph nodes fluorescence, a MAb specific for mouse P. carinii gpA (90-3-2B5) are markedly enlarged and easily visible. TBLN cells were obwas biotinylated and detected by reaction with avidin conjugated tained by pushing the TBLN through fine wire mesh, washing the to R-phycoerythrin (Jackson ImmunoResearch Laboratories). To cells once in a balanced salt solution, and then resuspending them enhance the quality of the immunofluorescence, the P. carinii were in RPMI 1640 containing 5% fetal bovine serum and antibiotics.
washed briefly with a low pH buffer (0.05 M glycine-HCl, pH 2.5, The cells were maintained on ice packs and fused the day after 30 min) to remove adsorbed host protein [18, 19] . isolation. For the first fusion, TBLN were isolated from 16 mice;
Analysis of antigen distribution on mouse P. carinii cysts using 21 mice were used for the second. A tumor cell-to-TBLN cell confocal scanning laser cytometry. Distribution of antigens on ratio of 1:1 was used for these fusions.
mouse P. carinii cysts recognized by MAbs 1F1 and 2B5 were Supernatants from microtiter wells showing growth of hybridoanalyzed by fluorescence-based confocal scanning laser cytometry mas were screened for the presence of P. carinii-specific antibod-(CSLC) using a Meridian Ultima Adherent Cell Analysis System ies by a dual ELISA system using either lectin-isolated mouse P.
(ACAS) and its accompanying Data Analysis System (DASY) carinii gpA or a crude sonicate of P. carinii-infected mouse lungs.
Master Program V3.32 (Meridian Instruments, Okemos, MI). Screening ELISAs were performed in Linbro flat-bottom microtiter CSLC using the ACAS and DASY provided imaging capacity on plates (Flow Laboratories, McLean, VA). For the gpA-specific stationary samples comparable to that of conventional confocal ELISA, microtiter wells were coated with lectin-isolated mouse scanning laser microscopy, with the added quantitative analysis P. carinii gpA diluted 1:10 in 0.05 M carbonate buffer (pH 8.5) of fluorescence intensity provided by flow cytometry. The major [15] . A crude P. carinii antigen preparation (''total protein'') was advantage of the ACAS-DASY system for these studies was that used to coat the wells of the second ELISA plate. This preparation the quantitative analysis could be performed on single cells at a was produced by sonicating P. carinii-infected mouse lungs and resolution as low as 0.1 mm. The ACAS was equipped with two then clarifying the supernatant by centrifugation and microfiltraphotomultiplier tubes as detectors of fluorescence and a 575-nm tion. This material was diluted to a concentration of Ç10 mg/mL bypass filter, permitting dual-label analysis of the sample. Samples in carbonate buffer and then used to coat the microtiter wells.
were excited by a 488-nm argon laser line, with emissions £575 Coated plates were incubated tightly covered in a moist chamber nm (detector 1) comparable to the ''green'' range and those ú575 at 37ЊC for 90 min to allow the antigens to adhere. Coated wells nm (detector 2) comparable to the ''red'' range observed in conwere blocked with 5% commercial nonfat dry milk in PBS 1 h at ventional immunofluorescence microscopy. 37ЊC or overnight at 4ЊC. Hybridoma supernatants (50 mL/well) P. carinii were prepared from infected lung homogenates as were screened undiluted overnight at 4ЊC. Plates were then washed noted above. In single-label experiments using MAb 1F1, the priextensively with PBS-0.05% Tween 20 (PBS-Tween), and bound mary antibody was detected using goat anti-mouse IgG conjuantibody was detected using goat anti-mouse IgG/IgM conjugated gated with BODIPY (excitation wavelength maximum Å 488 nm; to alkaline phosphatase (Jackson ImmunoResearch Laboratories, emission maximum Å 503 nm; Molecular Probes, Eugene, OR). West Grove, PA) diluted 1:5000 in PBS-Tween. After a 4-h incuSingle-label experiments using biotinylated MAb 2B5 were develbation at 37ЊC, the plates were washed with PBS-Tween and developed using avidin conjugated to R-phycoerythrin (excitation waveoped by the addition of p-nitrophenylphosphate (Sigma, St. Louis) length maximum Å 565 nm and emission maximum Å 578 nm; at a concentration of 1 mg/mL in diethanolamine buffer. These Jackson ImmunoResearch Laboratories). The excitation spectrum ELISAs have been standardized using a variety of monoclonal of R-phycoerythrin was broad enough to use the 488-nm laser line, or polyclonal antibodies known to be specific for P. carinii. Irreleand detection parameters were set to minimize crossover into the vant MAbs give optical densities (ODs) of õ.05 in both of these green range in dual-label experiments. ELISAs.
For dual-label studies, samples were incubated sequentially with An additional control for this assay includes coating the wells MAb 1F1, goat anti-mouse BODIPY, biotinylated MAb 2B5, and with sonicated normal mouse lung rather than P. carinii-infected finally, avidin conjugated to R-phycoerythrin. All samples were mouse lungs, in which case monoclonal or polyclonal antibodies examined under oil immersion using a 1001 objective and scanned specific for P. carinii give an OD õ0.1. MAbs showing reactivity using an identical set of parameters so that results from different in both ELISAs are considered to be specific for P. carinii gpA; organisms could be compared. In all cases, the laser beam (Ç0.3 those that are positive in the total protein ELISA but nonreactive mm thick) scanned the sample in a Raster pattern at intervals of in the gpA ELISA are considered specific for P. carinii antigen(s) 0.1 mm at a speed of 0.1 mm/s over a distance of 12 mm along other than gpA. Confirmation of the binding specificities of several the x and y axes. Each data point was sampled 32 times by laser MAbs was determined by conventional Western blot assay, using illumination to ensure an adequate sample number. Preliminary sonicated P. carinii-infected mouse lungs as previously described scans indicated that this level of sample illumination resulted in minimal photobleaching (õ10% of the original intensity) of the after cloning of the hybridoma cells by limiting dilution [16] . kDa and to a lesser extent with antigens of 65 -105 kDa ( figure  1, lane 1) . After 10 min, the MAb reacted not only with antigens from 50 to 105 kDa, but to two discrete bands at Ç24 and Results 34 kDa ( figure 1, lane 2) . The position of gpA is shown for comparison ( figure 1, lane 3) . No bands were seen by immuTwo fusion experiments were performed using B cells derived from the TBLN of immunologically reconstituted SCID noblot when uninfected mouse lung or P. carinii -infected ferret or human lungs were substituted for P. carinii -infected mice immediately following recovery from PCP. The results are summarized in table 1. Four hundred-fifty microtiter wells mouse lungs (not shown). MAb 1F2 showed an identical pattern. This pattern of reactivity was very reproducible even when were seeded, with 263 (55%) of the wells showing good growth of hybridomas. In the first fusion experiment, 18 (26%) of the different preparations of mouse P. carinii were used. Immunofluorescence was performed on air-dried P. carinii resulting hybridoma cultures secreted antibody reactive with P. carinii antigens other than gpA, whereas no gpA-specific antigen to determine whether the antigen recognized by these two MAbs was exposed on the surface of P. carinii. Both hybridomas were detected by our ELISA screening protocol. Similar results were obtained in the second fusion experiment, MAbs 1F1 and 1F2 resulted in positive fluorescence of P. carinii, which was clearly enhanced by the low pH wash. No with 31 (16%) of the hybridoma cultures secreting antibodies specific for P. carinii antigens other than gpA and only 5 fluorescence was seen when using either uninfected lung homogenates or when the primary antibodies were omitted. Two-(2.5%) secreting antibodies that bound gpA. Thus, of the 54 resulting hybridoma cultures that contained antibodies reactive color immunofluorescence using MAb 2B5 specific for gpA and 1F1 showed that both antigens co-localized to the surface with P. carinii, 49 (91%) were to antigens other than gpA, and 5 (9%) contained antibodies that bound to P. carinii gpA. Lung of P. carinii.
Because it was difficult to determine whether MAb1F1 homogenates from mice with other types of pneumonia were not tested, so we could not completely rule out the unlikely bound to both cysts and trophozoites (trophic forms) by immunofluorescence, we performed immunohistochemical possibility that some of our ''positives'' were due to antibodies against altered host proteins.
staining of P. carinii. Figure 2 demonstrates that the antigen recognized by MAb 1F1 is exposed on the surface of both Prior to cloning by limiting dilution, 38 of the ELISA-positive culture supernatants were screened by Western blot.
trophozoites and cysts. The binding of MAb 1F1 to P. carinii, especially to cyst forms, was clearly enhanced by the Twenty-one (55%) of these positive supernatants reacted with / 9d4a$$jy33 06-03-98 17:06:42 jinfas UC: J Infect of the respective secondary reagents following a high-saturation laser scan. Control samples incubated with only one of the antibodies and its corresponding secondary reagent showed minimal cross-over fluorescence into the opposite channel ( figure 3C-F) . The distribution of percent versus pixel value for the cyst incubated with MAb 2B5 alone ( figure 4F ) was comparable to that for the cyst that was incubated with MAb 1F1 prior to incubation with MAb 2B5 (figure 4B), indicating that MAb 1F1 did not interfere with the subsequent binding of MAb 2B5. Furthermore, the number of fluorescent pixels and the average fluorescence of the cysts either incubated serially with the two antibodies or incubated with MAb 2B5 alone were comparable, which again indicated that MAb 1F1 did not inhibit the binding of MAb 2B5 (table 2) . In an attempt to better define the antigens of P. carinii, lung. We hypothesized that B cells from the TBLN might be more likely to react with immunologically relevant antigens than would B cells isolated from the spleen after immunization. In fact, our results were markedly different from previous descriptions of immunodominant antigens of P. carinii [5 -8] .
Discussion
Overall, 20% of the hybridomas we produced secreted antibodies specific for P. carinii, showing that the TBLN cells are highly enriched for antigen-specific B cells. Of interest, 91% of the P. carinii antibody -containing hybridoma supernatants reacted with a P. carinii antigen other than gpA, with most giving an immunoblot pattern similar to that produced by MAb 96-1-1F1 (figure 1). By way of comparison, using the same screening system as used in this report, we previously showed that 89% of the P. carinii -specific hybridomas produced from splenic B cells following immunization react with P. carinii gpA and only 11% with P. carinii antigens other than gpA [6] . Thus, gpA does not appear to be the immunodominant antigen recognized by B cells isolated from TBLN draining the site of infection. Our speculation is that the antigen(s) being recognized by a high frequency of local B cells is likely to be low pH wash (figure 2B), which was used to remove most adherent host molecules.
immunologically relevant. However, determining the biologic significance of this observation will require additional experiThe distribution of epitopes recognized by these antibodies was evaluated by CSLC. MAb 1F1 binding was detected with a mentation. There are at least four possible explanations for our observasecondary antibody that fluoresced in the green range; MAb 2B5 was biotinylated and detected with avidin conjugated with Rtion that local B cells react with a different repertoire of antigens than do splenic B cells. First, our design selected B cells phycoerythrin, which fluoresced in the red range. The emission signals corresponding to MAbs 1F1 and 2B5 were measured by early (17 -19 days) after exposure to P. carinii rather than after prolonged exposure as a result of multiple immunizations, as detectors 1 and 2, respectively, on the ACAS. The dual-label scan of a single optical section through the center of the cyst shown is the usual case in these kinds of studies. Second, our results could be defining a difference between the immune responses in figure 3 (A, B) demonstrated that epitopes recognized by the two antibodies displayed different patterns of distribution that to infection and to immunization. Third, our results may reflect a difference between antigen presentation to local B cells servwere not overlapping, on the basis of the fluorescence intensities ing as effectors of natural recovery compared with antigen presented to splenic B cells after the organism has been destroyed. For example, the reticuloendothelial system of the spleen is a rich source of macrophages, which could serve to concentrate gpA through the uptake of the molecule via the macrophage mannose receptor [20, 21] . Finally, our results may be influenced by the fact that we are dealing with a reconstituted rather than a natural immune system. Attempts were made to of several studies [9 -11, 15], our results suggest that other antigens may be the target of immune-mediated clearance of produce hybridomas from the spleen cells of the reconstituted SCID mice, but for reasons which are not apparent to us, we P. carinii. These antigens also should be considered when developing experimental subunit vaccines for use in animal never were able to get adequate growth of hybridomas.
The antigen recognized by many of the local B cells is an models of PCP. abundant surface-exposed molecule, present on both trophozoites and cysts. Two-color immunofluorescence was used to
